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Fig. 4 Filleted corner optimization of the cylinder block casting
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Fig. 6 The optimized feeding and gating systems of cylinder body
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ST EHRITAEREISELES . B EEITE
HERMURI, tTREHSERERIEMIZEEELAIE

K, RESBNEMUEERIFTOE. KHRE RS
O EHITERAING, LT RoEEERL . 48

Fraction Liquid Fraction Liquid
Et[n‘i‘-*] E[%]
pt mp
lhoo thoo
857 857
78.6 78.6
71;; 71.;
g?Il gfl:l
i%:g 33:§
R R4
214 214
143 14.3
7.1 7.1
0.0 0.0
(a) THEEBEEIT G (b) HEREEREFZE R
Fraction Liquid £ Fraction Liquid
[%] [%]
™h00 "d0.0
2 23
786 786
&4 71.4
57'3 57 i
540&6 so:é
3§“.% %ﬁ;g
%}2 Eiv]
143 143
3.1 1
0 0
(c) TS WAHTE A% (d) f)rEefH
Els gEEHTE

Fig. 8 Solidification process



20255 F1HA/E74E

MNEHISRIE .

4.3 TZitEHEEREIERER

RERFBEDDHZIMRAK, WHISREEYE
0. REBAERATNN, EEERROMVESSRA
MEBX/N, RERDENEPER R i, B E
A9 o

Veloeit:

[em/s

g
232

£ Ui
| tuim
oloio~rao

1
1
1
1
1
1

S

BSI=5

[t

Lo

(a) #EARIE

T ) et s .

(c) #HEAFM

=
Sho—pu

g

EREASE

.0
7
4
1
.9
6
0

5.7
14
7.1
2.9
28.6
3

=

I"Z":B'Z* FOUNDRY

RERNEFHEERE. RETE. WER
B, 28%F. 59, LF+VODBEENE, BHRIET
N. H. OS{KEZFIFIRED T2 AT R . RIRFFME
WEFRERFIRIT, FIE T ARINR I RER TR
ZR, WEBERADE, 2FxE, FRENRRRTNE
7=E (E9) .

Velocit
[emfs
Empty

BS< 25

i
=
Sleavorlo

o =] et et bt bt o Bt
ERRNEOSERRT:

e
oF

(b) BEAJE

gEE
32
25

2

i
Slao=ras

—_————
SERHASR

REEI=
LD

=T
=

(d) FERIZER

B9 GIAFHHRITELTTE
Fig. 9 The mold filling process of the cylinder block casting

5 lixtrRlEIS
51 #HINARE

ERENKBINERMYEM, TFEEMN
300~620 CA%, TIREIML2~31 MPafE, #1HIHY
ERWEEZRETH (R3) . REABINEESRE

(RENED, FEENER[IANFRNEE ) 212
SAETIENEZR AR, MESAKENERS
BENXEESEREDGHHNOFARSNAE. Hb
BT ERRRESIIES10 €, RFELTRR0.25%~
0.3% o

R3 ARNEENTRASMEHXER

Tab. 3 The relationship between the working condition of the turbine cylinder block and the material

nE PR 15 I RAE e If T i 5 R
THL <400 C <500 C <540 C <570 C <600 C <620 C
FE  Z2G25  ZG20CrMo ZG20CrMoV  ZG15Cr2Mol/ZG15CriMolV  ZG12CraMolVNBN (9Crif] ) ZG12CraMolColNiVNDNB ( CB2)

AT IRSEREMTIET MRS, —HEBIWR
METTENTIET RSN . REZFEIFICHNAY
PAMBET ZEM T ASHARS, (BIFTCB2MPNAY

PUMET ZHARMENTRE . W T ZTEECB2MAYKN,
T suBiT R RN ERALR, HmMEeHEM
e, NimHE TR ANEEY,



Vol.74 No.1 2025

Tl FEAE] rounore TEREA

5.2 akIE

AN 36 53R A = 1R R P Rl M SR 4D IS,
B ot aEinETER TR SERNEHITIRE
B, HBWEND, REBUERDERIETIR,
BrLE R D iBtR . ERRIRBERI R, GIEM

YTEMELL, BFIEERBERE,
ZG12Cr9MolVNbN#Z#L

REIREKRINT

5.3 HETZ
RIS RS HINRAFTT .

T4 HAESH
Tab. 4 Heat treatment parameters

e IR C FHEHE! (C-ht) fRIR IR C IR ] h AR
1k 150 50 1050 + 10 15 A ZE90~120 °C, =z
[a] k. 150 70 740 £ 10 15 P %90~120 °C, B

6 HFEIGIE
6.1 T2k

LIS LIREFIIE, FRREBEEHREGB/T
7233.1—2009 ( SEMG BN F1580 . —RAIERSE
W) R ESK (E10) , PO ESFEBMIAE
—IRER; FHERTNEHFHEGBIT 6414—20177CT13
R{REK, BEECTUREK,; IMIFE. TAEIRNE
B, 23HAE, AFIB/T 4058—2017 ((S5EHLES
E) hif2Ek, FRREKNEREIE, STshrtak
BT E PRI

E10 &IAST
Fig. 10 The body of the cylinder

6.2 =IRANHHIE

S B R EEREEEREL 100 CLUT,
MEMFIRSE, DA ANRRAIAFRNLE, E20
WA R ERe . AN HIETLISHEAS (&

5), BEEREEMNAS, RUREMNEREEEZNT
(8%, £450~600 CEEN, EIREE FERENA
1.76 MPa/°C, IHERE NEIEREZER1.91 MPa/C.,

R=5 HiRALRMEEE
Tab. 5 Tensile properties at high temperature

BREGS TREEC bRkl iIMPa S fii/MPa. SEl4iHz/MPa

1 450 =365 597 633
2" 500 =340 523 524
3 550 =305 416 479
4 600 =250 333 346

6.3 EiEiFAilia
EeFARREUEMHERE—RE N ZIEEE
EIHERRRS, EMERIFEERT B ARSI RERT 2 AR KA
D —Fhirsl D eeitie, FER NIRRT
B0, BIXILks’. 6" HERIS (3£6) , BEMNI+A
FREEET, BEUSIFAR IS, BIIXItLe’.
THIEAS, HEIRE+ARNAOSMETT, NMAOMKRE
ABT BT . @igst. 6. 77, 8 NIt RE
MAO+ABRRERGT, SEMAREERm, FA
R18) TCBE EAE .
6.4 pEtEaeiIaIAR FATT,, E
BRT, MEGEEERET, 818124 00
115 J. 120 J. PEFFRIZKTE WEI1L

®6 DIRFFAIMERE

Tab. 6 High temperature endurance performance

G EEIC BRUERI T (N-mm? IR EAR/mm Fefkhi TN ISR AER RIS EG AR i
5" 550 210 5.01 4138 =90 109 SR
6" 600 210 5.01 4138 =90 98 EPAN RS
7 600 140 5.00 2748 =90 167 YN ]]
g 650 90 5.05 1802 =90 102 EPNES




=
20254 SEAM/ETAE TITZHEAR rFounory

mRES.

6.6 BTORSRSHT

B A FE SR SEM %3 Bl X HL e W A0 ep S i 1
ITTHARMER . REILSAIBTOEZR DT LARIL, K
ASMEFERENE, WHIEMRAEE AN

El1l  hERRNRE

Fig. 11 Macroscopic section of impact sample

FATT RWEFSRETIRE, MEEERENRE
&, WrORBMERR ((NMRIEERIE ) ER S
EF, 1IRFIS0%ATAYIREIC HFAT s o 136 T AEIRE
TR ERT OB RER G, ERIET. NE
FEIERS, FATT WIEASREEZEEN-15 C,

R7 ICriNEARRETHEERRERASLL
Tab. 7 The percentage of brittleness morphology of 9Cr
steel at different temperatures E13 AR
Fig. 13 Fracture morphology analysis

R C MEPETESRRIAR 5 /%
-50 90
-30 85 7 &t
-20 60 (1) BIIMAGMAKEERIR LS, S
-15 50 ASBERIRAAMED, RAEEERINSHINT
-12 40 ik, BEERURE . FEILEG . ERFFRENESR
TR%, BRI TRENTRESR, Hit—%
6.5 BBALNIR A ARSI E, BesrRE
ZT4%ERBEEERE, BN, #i7E8En TR HIEILY
i, ERIEL2. SHERRTABKDERAR, 7 (2) AWM E AN EBIRNTSE,

$#ENZG12CrIMolVNbN# £, EEE XA XS
740 CEIBEIKHISE, BEITEIADERMAALR, HEE
BRI KIRTT

(3) HF5R T#E450 °C. 500 °C. 550 C. 600 C.
650 CIRET, Sl R(HeENSRIFAE
E#EF TR, BTENEERK, JHIESR
HEETIERE.

(4) BE)hEIRE, SRS EMEAIFATT RrE
FARIEENEEH-15 C. FHBIISEMBTOASRMES, A&

E12 ZG12Cr9MolVNbNit IS IHALR MEEAENE, LB EIMRRL,
Fig. 12 Metallographic organization of ZG12Cr9Mol1VNbN

SEHL:

[1] SEEtH, BRI, k=%, & HEREI - RIFEESRESG D] shDTEFIR, 2021, 41 (7) : 542-550.

[21 Zgk, ZRIH, HAE. BRIIRRRARESETIRAREIVA []. #00&F, 2021, 50 (2) : 79-82.

[3] KfBBA, SKIZNI. AEAREN DB RS ] WAILSEF, 2017 (17) : 39-40.

[4] Fi=it PEISEYIEARESN D). WEIIWEA, 2017 (5) : 264,

[5] KOCER C, ABE T, SOON A. The Z-phase in 9%-12% Cr ferritic steels: a phase stability analysis [J]. Materials Science and Engineering
A, 2009, 505 (1) : 1-5.



= .
Founory L SR Vol.74 No 1 2025

[6] DANIELSEN H K, HALD J. A thermodynamic model of the Z-phase Cr (V, Nb) N [J]. Calphad, 2007, 31 (4) : 505-514.

[7] HALD J. Microstructure and long-term creep properties of 9%-12% Cr steels [J]. International Journal of Pressure Vessels and Piping,
2008, 85: 30-37.

[8] MARUYAMAK, SAWADA K, KOEKE K. Strengthening mechanisms of creep resistant tempered martensitic steel [J]. ISIJ International,
2001, 41 (6) : 641-653.

[91 KIMIS, LEES M, KIMJY, etal. Co addition effect on the precipitation behavior of laves phase In Fe-10Cr ferritic alloy [C]//Pacific
Rim International Conference on Advanced Materials and Processing, 2007, Jeju Island (KR) .

[10] ALBERT S K, KONDO M, TABUCHI M, et al. Improving the creep properties of 9Cr-3W-3Co-NbV steeels and their weld joints by the
addition of boron [J]. Metallurgical and Materials Transactions A, 2005, 36 (2) : 333-343.

[11] YUKIO Takahashi. Study on creep-fatigue evaluation procedures for high-chromium steels-part I: test results and life prediction base on
measured stress relaxation [J]. International Journal of Pressure Vessels and Piping. 2008 (85) : 406-422.

[12] CHEN Guohong, LIU Junjian, WANG Jiaqging. Effect of heat treatment on the microstructure and mechanical properties of T91 heat
resistant steel [J]. Hot Working Process, 2010, 39 (14) : 131-134.

[13] E%4, ZRIEER. PMBXITOURSIBER K BHEERERIFING [J]. /EHMRLEE, 2000 (11) : 6-8.

[14] SAMANTARAY D, MANDAL S, BHADURI AK. Optimization of hot working parameters for thermo-mechanical processing of modified
9Cr-Mo steel employing dynamic material model [J]. Material Science and Engineering A, 2011, 528 (15) : 5024-5211.

(S1) : 198-202.

Casting Process and Material Preparation of 600 MW Supercritical Steam
Turbine Cylinder Block

ZHU Xiao-long', WANG Wen-yan', XIE Jing-pei*, WANG Zheng-hui’, DIAO Xiao-gang®, ZHANG Fei-yang"
(1. Department of Materials; Henan University of Science and Technology, Luoyang 471023, Henan, China; 2. Luoyang Luobei Heavy Industry
Machinery Co., Ltd., Luoyang 471100, Henan, China; 3. CITIC Heavy Industry Luoyang Heavy Iron Industry Co., Ltd., Luoyang 471632, Henan,
China)

Abstract:

Because of the complex structure of steam turbine cylinder block, the casting defects such as shrinkage
porosity and crack are easily formed by using of traditional casting process. In this research, the feeding and
gating systems are optimized by MAGMA numerical simulation software, and a process scheme with reliable
quality and high casting yield is obtained. 9Cr steel is the most commonly used heat-resistant material
for 600 MW supercritical steam turbine cylinders. The uniform and stable microstructure is obtained by air
cooling of blower, and the tensile properties at different high temperatures are studied, and the change rules of
tensile properties with increasing temperature were obtained. In addition, the FATTs, is -15 °C got by impact
test. The microstructure was analyzed by SEM, and it was found that the microstructure was uniform and the
instability of mechanical properties was avoided

Key words:
steam turbine; cylinder block; casting; high temperature performance; ZG12Cr9Mol1VNDbN; heat resistant
steel
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